Objective: Prior studies have reported that major depressive episodes (MDEs) are associated with elevated mortality. However, the association has not always persisted after adjustment for other mortality risk factors. In our study, we examine this issue using data from a longitudinal Canadian study (the National Population Health Survey [NPHS]). The NPHS included a more comprehensive set of mortality determinants than prior studies, allowing a more comprehensive assessment of the effect of MDEs on mortality.
T he link between mental disorders and mortality is a clinical and public health concern. 1 An association has been reported by studies using various research methods and in various populations. The literature up to 1996 was reviewed by Wulsin et al 2 and subsequently by Schulz et al. 3 Wulsin et al 2 commented on the inadequate control of potential confounders and mediating variables in many studies, noting that only a single study published prior to 1996 included adjustments for variables such as smoking and alcohol consumption. 4 Focusing on a small number of methodologically sound studies, Schulz et al 3 found relative risks in the range of 1.5 to 2.5. 3 Stronger evidence of association was found in studies with longer follow-up intervals, those using diagnoses rather than symptom ratings, and those conducted in clinical rather than community populations.
Adjustment for known mortality risk factors has been found to attenuate the association between depression and mortality. The Australian Health in Men Study evaluated depression in an elderly cohort using a version of the Geriatric Depression Scale 5 and used record linkage to determine mortality. 6 The unadjusted HR was 2.60, which diminished to 1.98 after adjustment for demographic variables, chronic illness, smoking, and AD use. The French 3C study 7 used the Mini Neuropsychiatric Diagnostic Interview 8, 9 to identify MDE and also carried out multiple covariate adjustments. In this study 7 an association of MDE with mortality risk persisted after adjustment, but only for severe depression and only in men. Mykletun et al, 10 using the Hospital Anxiety and Depression Scale 11 linked survey data to mortality records, finding an age-and sex-adjusted HR of 1.7 in respondents with high levels of depressive symptoms. With adjustment for other covariates, the depression-only group continued to be weakly associated with mortality (HR 1.4), but there was no association in a group with both depression and anxiety symptoms (HR 1.0). An analysis of data collected using the CES-D 12 in the Framingham Heart Study reported an age-adjusted HR of 1.6 when using the standard CES-D cut point of 16 . With some multivariable adjustment (for age, sex, smoking, hypertension, diabetes, BMI, cholesterol, and alcohol consumption) this diminished to 1.5. In an ageand sex-adjusted model from the Whitehall II cohort, 13 the association of depressive symptoms with all-cause mortality was 2.10 in respondents without cardiovascular disease at baseline and 4.99 in respondents with cardiovascular disease. The HRs diminished to 1.8 and 2.9 (respectively) with a set of covariate adjustments. The Stirling County Study 14, 15 reported an association of depressive episodes and mortality that persisted after adjustment for alcoholism and smoking (HR 2.0).
A variable of interest in this literature is functional impairment. Everson-Rose et a1 16 reported an HR of 1.85 for the association of mortality with upper quartile ratings on an abbreviated version of the CES-D in a general population cohort after adjustment for age, sex, and race. Adjustment for additional demographic and behavioural risk factors (smoking, excessive alcohol consumption, and BMI) reduced the association to an HR of 1.5, and adjustment for functional impairment eliminated it completely. Mendes de Leon et al 17 reported a similar result, whereas other studies found that the association persisted in similar analyses, but at an attenuated level. 10, 18, 19 Similarly, self-rated general health has been found to predict mortality 20 and adjustment for this variable attenuates or eliminates associations between depressive disorders and mortality. 21, 22 Based on this literature, we hypothesized that major depression in a Canadian general population cohort would be associated with an increased mortality risk, but that this association would be attenuated with adjustment for other mortality risk factors.
Methods
The data source was a Canadian panel study called the NPHS. The study was carried out by Statistics Canada, and the data are made available to researchers through a national network of Regional Data Centres. Initial data collection took place in 1994, with (whenever possible) face-to-face interviews of a nationally representative cohort of 17 276 household residents. Most of the follow-up data has been collected by telephone. NPHS respondents have been re-interviewed every 2 years in subsequent NPHS cycles. At the time of our analysis, data were available up to 2006. The NPHS cohort includes respondents of all ages, but because some covariate measures were only applied to adults, the sample was restricted to those aged 18 years or older at the time of the baseline interview in 1994.
The CIDI-SF for MDE was included in each NPHS interview. 23 This instrument is an abbreviated, fully structured, diagnostic interview covering symptom-based criteria for MDE. The instrument was scored in this analysis using an algorithm that required endorsement of 5 of 9 specified depressive symptoms (at least 1 of which must be depressed mood or loss of interest) during the same 2-week period in the preceding year. Whereas the approach taken by the CIDI-SF for MDE is broadly consistent with DSM-IV, the instrument was developed based on DSM-III-R data collected in the National Comorbidity Survey. 23 Sex was assessed in the survey using a standard item. Age was recorded in years and was incorporated into the analysis along with an age-squared term in view of the possibility of nonlinear effects. Educational attainment was assessed using standard items and categorized as less than secondary, compared with secondary school graduation and (or) postsecondary education. Marital status was incorporated into 3 groups: married (including common-law relationships), single (never married), and previously married (divorced, widowed, or separated). Employment status was categorized at 2 levels (currently working, compared with not currently working). The NPHS interview records total household income adjusted for family size. In our analysis, a variable representing lower-quartile income was included in the analysis. This low-income threshold equates to a total household income of less than $15 000 for 1 or 2 people, less than $20 000 for 3 or 4 people, and less than $30 000 for households containing 5 or more people. 25 The NPHS included an assessment of alcohol consumption based on a 7-day diary of alcohol consumption and, in 1996, a CIDI-SF module for alcohol dependence was included. Respondents were also asked whether they had consumed 5 or more drinks on at least one occasion during the year preceding the interview, which is a traditional definition of binge drinking. 26 Each cycle of the NPHS included items assessing participation in specific recreational activities, which was used (in conjunction with metabolic indicator values 25 ) to estimate daily energy expenditure. A total estimated energy expenditure of 1.5 kcal/kg/day was used to categorize respondents into physically active or inactive categories. This level of activity corresponds to about 30 minutes of walking for exercise per day.
Long-term medical conditions were evaluated using items that inquired about medical conditions diagnosed by a health professional. The wording was: "Now I would like to ask about certain chronic health conditions which you may have.
We are interested in long-term conditions that have lasted or are expected to last 6 months or more and that have been diagnosed by a health professional." This was followed by a series of specific queries, for example: "Do you have asthma?" In total, responses to 22 such queries were combined into an indicator variable identifying respondents with one or more chronic medical conditions. In other analyses cardiovascular conditions (heart disease, high blood pressure, or effects of stroke) were examined separately.
During each interview, respondents were asked to retrieve containers (boxes, bottles, tubes, or packages) of any medications taken in the 2 days preceding an interview. Specific medications were recorded using anatomic therapeutic classification codes. These codes were used in our analysis to identify respondents who were taking AD or sedative-hypnotic medications (which may also be associated with mortality 27 ). The NPHS interview also includes a questionnaire called the Comprehensive Health Status Measurement System, which is designed to classify respondents using societal preference weights from the Health Utility Index. 28 Pain is assessed by this instrument using 2 items: "Are you usually free of pain or discomfort?" followed by (if the response is no) "How would you describe the usual intensity of your pain or discomfort?" Respondents indicating that their usual level of pain or discomfort was moderate or severe (as opposed to none or mild) were identified.
Additional data elements included items assessing smoking (occasional or daily) and employment status. Restriction of activity was assessed using a standard Statistics Canada module. BMI was calculated from self-reported height and weight and interpreted using standard cut points: underweight, less than 18.5; normal weight, 18.5 or more to less than 25; overweight, 25 or more to less than 30; and obese, 30 or more.
Proportional hazard models were used to examine whether MDE was associated with an increased risk of mortality. As mortality was evaluated at intervals 2 years apart, discrete time models were used rather than the Cox proportional hazards model. These models were fit as generalized linear models of the binomial family, with a complementary loglog link function using a procedure outlined by Jenkins. 29 Models containing only MDE as a predictor (unadjusted) and those adjusting for various additional variables were explored. Respondents who were lost to follow-up or were institutionalized were subsequently censored from the analysis. In the modelling, indicator variables representing NPHS interview cycles were used, so that no assumptions were imposed on the shape of the hazard function. Wald tests and likelihood ratio tests were used to confirm proportional hazard assumptions by testing exposure by time interactions. No violations of the assumption were identified. In the models, each variable was allowed to vary with time, such that exposure status at the start of each risk interval was included in each model. This was not possible for the alcohol dependence variable, which was not assessed at each cycle.
All analyses were conducted in the Prairie Regional Data Centre at the University of Calgary Campus using Stata, Version 11. 30 The NPHS used a complex sampling procedure that involved multiple stages (clustering) and stratification.
To account for design effects, replicate sampling weights and bootstrap variance estimation were used in all analyses.
The replicate sampling weights, calculated by Statistics Canada, also included adjustments for nonresponse to reduce bias that may otherwise result from attrition. The study was approved by the University of Calgary Conjoint Ethics Review Board.
Results
There were 14 117 members of the NPHS longitudinal cohort aged 18 years and older at the time of the 1994 interview. Between 1.7% and 5.4% of NPHS respondents
were not able to be traced during each subsequent cycle, which, combined with refusals and incomplete interviews, led to reported attrition rates in the range of 5.4% to 9.3%. 24 Cumulative attrition to 2006 was reported by Statistics Canada as 36.4%. 24 Table 1 presents a description of the sample at the 1994 baseline, with stratification by MDE status. Table 2 compares respondents who died to those who were institutionalized or lost to follow-up.
The unadjusted HR for MDE was 1.0 (95% CI 0.7 to 1.4); however, with adjustment for age and sex, the HR became 2.0 (95% CI 1.4 to 2.9), significantly differing from the null value (P < 0.001). In these models, age was highly significant (P < 0.001) but the age-squared term was not and the HR for MDE (and its confidence limits, both rounded to one decimal place) was identical in models including or not including the aged-squared term. All of the interactions were nonsignificant (all P values > 0.09) with one exception: there was an interaction between AD use and MDE status (P = 0.04), with participants having MDE and being treated with ADs having a lower risk of mortality. Participants being treated with ADs for MDE appeared to have a lower mortality risk than those apparently being treated with ADs for other reasons. Inclusion of the interaction term had no effect on the main result: a lack of association between MDE and mortality. Table 3 reports HRs with simultaneous inclusion of all covariates (model 1) and inclusion only of statistically significant ones (model 2), and a model that included the interaction (model 3). In each case, the HRs for MDE did not indicate an elevated mortality risk.
A methodological concern is that categorization of covariate values may have diminished the effectiveness of covariate adjustments. The effect of using different approaches to categorization, and of not categorizing these variables at all, was explored in a series of additional models. When any alcohol consumption was included in model 1 (rather than 5 or more on one occasion) the adjusted HR for MDE was unchanged at 0.9 (95% CI 0.5 to 1.7). When alcohol dependence was used, the adjusted HR was identical: 0.9 (95% CI 0.5 to 1.6). When smoking was categorized so that daily smokers were differentiated from occasional smokers the adjusted HR for MDE also remained unchanged: 0.9 (95% CI 0.5 to 1.7). Adjustment for cardiovascular conditions, apart from the general chronic conditions, category did not affect the results either. We also developed versions of models that included the number of cigarettes smoked per day, the number of standardized alcoholcontaining beverages consumed per day, and the amount of physical activity and BMI without categorizing these variables. The adjusted HR for MDE was unchanged in these analyses, and an HR with simultaneous adjustment for these covariates, all represented as continuous variables, was 0.7 (95% CI 0.4 to 1.5).
The difference between the adjusted and unadjusted HRs may be due to confounding or mediation by covariates Overweight 0.7 0.002 0.5-0.9 0.7 0.008 0.6-0.9 0.7 <0.001 0.5-0.9
Obese 0.6 0.02 0.4-0.9 0.6 0.006 0.5-0.9 0.6 0.02 0.4-0.9 a MDE × AD use interaction, HR 0.2 (95% CI 0.01-0.9), P = 0.03. b With the interaction included in the model, this HR represents the association in respondents not taking an AD.
-= not applicable
included in these models. In other words, there may be independent risk factors for mortality that are associated with MDE, resulting in the spurious appearance of an association (confounding), or some of these variables may participate in chains of causal events that link MDE to mortality (mediation). Data available in the NPHS cannot fully disentangle these possibilities, but do provide an opportunity to identify those adjustments that are responsible for weakening the association. To explore this, each covariate was removed from the model one at a time and the HR for MDE was estimated. The largest change was seen with the removal of the activity restriction indicator, which increased the HR to 1.3 (95% CI 0.8 to 2.1). With the removal of unemployment, the HR increased to 1.2 (95% CI 0.8 to 1.8). With the removal of other variables, the HRs all remained about the same as that of the fully adjusted model.
In view of literature indicating that perceived general health may account for some of the association between depression and mortality, we developed a model that included age, sex, and perceived health. This model is presented in Table 4 . As reported by some prior studies, a gradient was observed across perceived health categories. The HR for MDE diminished from 2.0 to 1.6 with this adjustment, indicating confounding or mediation of the MDE-mortality association.
Murphy et a1 15 reported an association that persisted after adjustment for demographic variables (adjustment for age within sex strata), smoking, and alcoholism in a Canadian cohort. We sought to replicate this analysis in using the NPHS data. With adjustment for age, sex, smoking, and alcohol consumption, but not the other covariates, a statistically significant adjusted HR of 1.64 (95% CI 1.0 to 2.6, P = 0.03) was found, consistent with the Murphy et al 15 results.
Discussion
Consistent with prior studies, an association between MDE and mortality was found in this study after adjustment for 2 confounding variables: age and sex. This is not surprising as age is a powerful determinant of mortality and is negatively associated with MDE. People with MDE are likely to experience lower mortality because they are younger, on average, than members of the population who are not depressed, such that a lack of adjustment for age has the capacity to mask the association between MDE and mortality. The tendency of the association to weaken with additional covariate adjustment is consistent with prior studies. However, the NPHS included a more comprehensive set of measures of relevant covariates than did most prior studies. Unfortunately, as with other epidemiologic studies of this topic, the NPHS cannot distinguish between confounding or mediating effects of the covariates. 32 and the effects of these conditions may, independent of major depression, contribute to mortality risk. However, some of their impact may involve mechanisms such as inflammation 33, 34 and autonomic dysfunction 34 that are not independent of MDE. Further, MDE may increase the risk of various chronic conditions 35 and contribute to mortality as a result. MDE may also diminish adherence to the treatment of chronic conditions. 36 Distinctions between confounding and mediation are important in epidemiology because if the association is due exclusively to confounding (that is, is a spurious association) prevention or treatment of depression will not reduce mortality. Conversely, if MDE acts as a link on one or more chains of causal events that lead to mortality, prevention or treatment of depression may diminish mortality. While the clinical and public health implications of these 2 scenarios are important, epidemiologic models cannot generally distinguish between them. However, based on existing evidence that MDE has a negative impact on chronic condition incidence, 35 physical activity, 37 smoking, 38 and transitions to unemployment, 39 these would be the most likely candidates to mediate causal associations of MDE with mortality risk.
Several prior studies have examined depressive symptoms as assessed by the CES-D scale as mortality determinants. One of these was the Cardiovascular Health Study. 22 Here, an association of CES-D ratings with mortality was found, but the association was found to result from 2 specific items: diminished energy and motivation. Affective and (or) interpersonal items did not contribute. An analysis by Pettit et al 40 examined 4 subscales arising from the factor structure of the CES-D 12 and found that only those items representing somatic complaints predicted mortality. These authors also replicated Schulz et al's 22 finding that adjustment for self-rated health eliminated the effect even of the somatic CES-D subscale score. 40 On the surface, these findings cast doubt on the very existence of a depressionmortality association. However, our results challenge the idea that the association is a mere artifact of a few items assessing somatic symptoms. Unlike the CES-D (which measures past-week symptoms), the CIDI-SF assesses the more clinically meaningful MDE construct, which requires depressed mood or loss of interest. The strong predictive association between MDE and mortality, after adjustment for age and sex, indicate that the association is real even though its etiological connections remain unknown.
These results reinforce a large and growing literature indicating that depression is statistically associated with mortality. Without considering the issue of etiology, this means that MDE can be viewed as an indicator or predictor of elevated mortality risk (within age strata) in the population. From this perspective, these results suggest that management of MDE may benefit from greater emphasis on management of chronic conditions, smoking cessation, physical activity deficits, and functional impairments that occur in association with this condition.
